The observed effects of GnRH treatment on testicular steroid secretion thus cannot be considered to be the result of direct stimulation of steroidogenesis by GnRH.
Introduction
The effects of GnRH and its agonists on testicular steroidogenesis may involve both pituitary and testicular levels of action. Direct action of GnRH on rat Leydig cell function has been documented to occur both in vitro (Hsueh & Erickson, 1979;  Sharpe, 1982) and in vivo (Sharpe et al, 1983 ; Kerr & Sharpe, 1986) . In rats chronic administration of GnRH and its agonists inhibits testicular steroidogenesis via reduction of testicular LH receptors and decreased activity of the 17-hydroxylase-17,20-desmolase enzyme complex (Dufau et al, 1979 ; Kerr & Sharpe, 1986) . Acute adminis¬ tration of GnRH, however, initially stimulates steroidogenesis in vivo (Sharpe et al, 1983) and in vitro, probably by activation of cytochrome P450 enzyme activity (Sullivan & Cooke, 1983) .
Direct effects of GnRH on gonadal steroid secretion, which have also been reported for nonrodent species (Sharpe, 1982) , are believed to reflect the physiological action of gonadal GnRH-like peptide (Sharpe, 1984) . However, the presence of both specific GnRH binding and GnRH-like peptide has been documented only for the rat testis, although GnRH-like peptide has been isolated from gonads of species apparently lacking gonadal GnRH receptors (Aten et al, 1987; Brown & Reeves, 1983) . The physiological significance of GnRH-like peptide and of the direct gonadal actions of GnRH and its agonists is as yet unresolved.
The purpose of the present experiment was to investigate whether acute GnRH treatment directly affects testicular steroid secretion in a non-rodent species under physiological conditions. tPresent address: Department of Zoology, University of Alberta, Edmonton, Canada T6G 1E1.
We have chosen to explore the intact ram because of the accessibility and diameter of its testicular blood vessels, allowing blood sampling of each testis separately, and the availability of data on LH-releasing properties of low doses of GnRH.
Materials and Methods
Animals and surgery. Texel rams, 1-year-old and~5 0kg body weight, were investigated during the non-breeding season in March-April. The 11 rams were surgically implanted with a Teflon cannula (Abbocath-T 20G, Abbott Ireland Ltd, Sligo, Ireland) in the distal testicular artery and the distal testicular vein of the left and right testis (Noordhuizen-Stassen, 1984) and in the cephalic vein. During the experiments the rams were kept under halothane/ nitrous oxide anaesthesia.
Blood was collected from the 3 cannulated veins at -60, -30, 0, 10, 20, 40, 60, 90, 120, 150, 180, 200, 220 de Jong et ai, 1984) . The intra-and interassay coefficients ofvariation were < 9 and < 12% respectively for both assays. Sensitivity was 50 fmol testosterone/tube and 125 fmol 17-hydroxyprogesterone/ tube.
Concentrations of luteinizing hormone (LH) were estimated with a double-antibody radioimmunoassay for bovine LH (Dieleman et a!, 1983 ) using ovine LH (NIH-LH-S17) as a standard. Sensitivity of the assay was 10pg/l and the intra-assay coefficient of variation was 2-5%; all LH determinations were done in one assay. Cross-reaction of hCG with the LH antiserum was found to be less than 1 % (pure hCG, 10 900 i.u./mg, gift of Biosynth B.V., Oss, The Netherlands).
Testosterone and 17-hydroxyprogesterone were estimated in the testicular and peripheral plasma. LH was estimated in peripheral plasma only.
Analysis of the data. Effect of treatment (i.e. GnRH and hCG administration) was analysed by comparing pre-and post-treatment values for testosterone, 17-hydroxyprogesterone and LH. Since the data were normally distributed, Student's paired / test was used. Differences in steroid secretion between control and treated testes were analysed with Student's paired t test.
Results

Experiment 1
Testosterone. Concentrations of testosterone in venous blood from GnRH-treated testes and control testes were not significantly different (Fig. 1) (Fig. 3) . Peripheral venous concentrations (Fig. 2) were lower than, but in the same range as, testicular venous concentrations. Mean basal concentrations of 17-hydroxyprogesterone in peripheral and testicular venous plasma were 0-74 + 0-11 (mean ± s.e., = 8) and 0-90 ± 0-08 nmol/1 respectively. Increases after GnRH or hCG were less prominent in peripheral blood than in testicular blood. These peripheral increases were of statistical significance (P < 002) in the 1-h period after GnRH administration but not after hCG.
LH. In 7/8 rams the LH concentrations in peripheral plasma increased following the adminis¬ tration of 25 ng GnRH (P < 0-02), the mean increment being 0-73 ± 0-22 ng/ml. In the remaining ram, the high basal value decreased slightly (Fig. 1) . After the injection of 200 i.u. hCG, the concentrations of LH increased (P < 001) in all rams. (Fig. 4) .
All 3 rams responded to hCG treatment with increased secretion of testosterone and 17-hydroxy¬ progesterone and increased peripheral concentrations of LH.
Discussion
The results of the present experiments show that testosterone and 17-hydroxyprogesterone concen¬ trations in testicular venous blood are much more sensitive indicators of increased testicular steroid secretion than are concentrations in the general circulation. Increases in testicular steroid secretion as a result of minor changes in LH concentrations were clearly and consistently reflected in increased concentrations of both testosterone and 17-hydroxyprogesterone in testicular venous blood but not in the general circulation. The marginal reflection of increased testicular steroid secretion in the general circulation can be explained by dilution. For rams in the non-breeding season, arterial blood supply averages 8-8 ± 0-9 ml/min per testis (Noordhuizen-Stassen, 1984) which for both testes approximates 0-4-0-5% of the heart minute volume. (Hsueh & Erickson, 1979; Clayton et al, 1980; Sharpe, 1982 Sharpe, , 1984 , but is in accordance with reports on other species (Wang et al, 1983; Schaison et al, 1984 (Clayton & Huhtaniemi, 1982) , primate, cow, sheep and pig (Brown & Reeves, 1983) (Lincoln, 1978; Wu et al, 1987) , 50 ng producing a response of similar amplitude to those of spontaneous LH pulses. Assuming uniform mixing of the GnRH and no immediate metabolism, the concentration in the general circulation after injection of 25 ng will approximate 6-25 pg/ml in a 50-kg ram with an estimated blood volume of 4000 ml (8% of body weight). This value is lower than concentrations (20-60 pg/ml) that occur in portal blood during spontaneous surges of GnRH in the intact ram (Caraty & Locatelli, 1988) , but apparently represents a stimulatory concentration.
The occurrence of spontaneous LH surges during the present experiment can explain the steroid and LH profiles of Ram 7 in Exp. 1 and Ram 3 in Exp. 2. From the LH profiles it is evident that injection of hCG resulted in increased values for circulating immunoreactive LH. This is most probably due to cross-reaction of hCG in the RIA used for LH. Since cross-reaction of pure hCG was <0-1 %, the less purified commercial preparation of hCG used most probably contained more cross-reacting substances.
In conclusion, the results of the present experiments show that GnRH does not stimulate testicu¬ lar steroidogenesis in the ram by a direct action at the level of the testis. Small doses of GnRH (0-5 ng/kg), however, elicit release of pituitary LH which stimulates testicular steroidogenesis.
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